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almost completely across the whole of the section of the
ingot, which is Hot already filled with the columnar
crystals growing inwards from the original shell of the
ingot mould. The formation of the free stumpy crystals
in the interior of the ingot necessarily puts a stop to the
growth of the columnar crystals. The latter can only
grow so long as there is an adequate supply of fluid metal,
and if this supply is cut off by the solidification of the
free crystals in the core, the columnar crystals cannot
extend themselves. Consequently, the thickness of the
layer of columnar crystals will be determined by the
time which elapses before the first of the free crystals is
formed, and the latter will form in a layer round the
innermost surfaces of the columnar crystals (Fig. 3).

The formation of the central core of crystals marks
the completion of the solidification of the ingot, which,
therefore, consists of three zones of different type and
character. On the outside (to recapitulate) is the thin
shell of rapidly chilled steel, having no marked crystalline
form, but containing entrapped foreign matter. Next
to this thin shell, and growing out of it, is a layer of
varying thickness of columnar crystals, needle-like in
shape, which always form at right angles to the nearest
cooling surface, i.e., the sides of the mould, whilst the
third zone, lying as the kernel of a nut, consists of a
higgledy-piggledy collection of small crystals, without
definite or uniform orientation. (These crystals in the
core are referred to as the "free " crystals.) The outer
zone is seen well in Fig. 3, whilst in Fig. 4 the existence
and form of the columnar and free crystals are clearly
portrayed. The characteristics of these three zones will
emerge from the subsequent considerations.

The sections -of ingots shown in Figs. 3 and 4 can be
considered as representative of all ingots. They are
typical ingots, but the proportions of columnar and free
crystals shown in these sections do not occur in every
ingot, A moment's consideration will show how obviously
true this is. It was demonstrated above that the columnar